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DOUGLAS-FIR BEETLE {DENDROCTONUS PSEUDOTSUGAE HOPKINS,
COLEOPTERA: SCOLYTIDAE) BROOD PRODUCTION ON DOUGLAS-FIR
DEFOLIATED BY WESTERN SPRUCE BUDWORM
(CHORISTONEURA OCCIDENTALIS FREEMAN, LEPIDOPTERA:
TORTRICIDAE) IN LOGAN CANYON, UTAH
S. E. Fredericks' and M. J. Jenkins
Abstract—Douglas-fir beetle brood production was studied on Douglas-fir {Pseudotsuga menziesii [Mirb] Franco)
trees defoliated by the western spruce budworm between 1983 and 1985. Tallies were made of the number of attacks,
total length and number of egg galleries, number of eggs deposited, number of larval tunnels, number of pupal
chambers, and number of emerging beetles (per female and per unit area). Data analysis showed no significant
differences among the three years studied. The number of emerging beetles per female parent was 0.59, and
emergence per 90 cm^ was 2.32 beetles. Egg, larval, and pupal survivals were 47.5%, 30.0%, and 15.5%, respectively.
The Douglas-fir beetle {Dendroctonus
pseudotsugae Hopkins, Coleoptera: Scolyti-
dae) attacks Douglas-fir (Pseudotsuga rnen-
ziesii [Mirb.] Franco) trees throughout its
range in western North America. The beetle
is normally considered a secondary pest, at-
tacking trees that are windthrown, diseased,
or stressed by other environmental factors.
Damage from logging operations, drought,
wildfire, and snow breakage is commonly as-
sociated with Douglas-fir beetle epidemics
(Bedard 1950, Furniss and Carolin 1977,
Coulson and Witter 1984). Stress created by
tree defoliation can also contribute to in-
creased beetle populations (Wright et al.
1984) and may be a factor in the current beetle
outbreak in Logan Canyon, Utah. Endemic
levels of Douglas-fir beetles are commonly
found in felled and damaged trees (Bedard
1950, Furniss et al. 1979), and studies on host
selection indicate the beetle prefers freshly
felled trees (McMullen and Atkins 1962).
When such host material is abundant, popula-
tions can build to epidemic levels so the
beetle may be able to successfully attack rela-
tively healthy trees (Bedard 1950, Furniss et
al. 1979). For a discussion on the mechanisms
of beetle host colonization and the role of
semio-chemicals .see Wood (1982).
Douglas-fir beetle outbreaks decline due to
lack of suitable host material, greater host
resistance (Furniss et al. 1979), and increased
intraspecific competition (McMullen and At-
kins 1961, Berryman et al. 1973, Wright et al.
1984). Other biotic agents, such as predators,
parasites, and pathogens, are important in
population collapse (Furniss et al. 1979). Peri-
odic Douglas-fir beetle outbreaks in the Inter-
mountain West and the northern Rocky
Mountain areas generally last from three to six
years (Furniss and McGregor 1979, Wright et
al. 1984).
The western spruce budworm (Choris-
toneura occidentalis Freeman, Lepidoptera:
Tortricidae) defoliates current year's growth
and may feed on previous years' needles as
well. Western spruce budworm outbreaks in
western North America generally lack a typi-
cal pattern and occur at irregular intervals,
thus making it difficult to predict future out-
breaks (Brookes et al. 1985). Stand conditions
favorable to the western spruce budworm re-
sult, in part, from past fire suppression and
selective cutting practices that have produced
multistoried stands with an abundance of
shade-tolerant species favored by the western
spruce budworm (Coulson and Witter 1984,
Brookes et al. 1985).
This study was undertaken to obtain a bet-
ter understanding of Douglas-fir beetle out-
breaks in northeastern Utah. This paper de-
•scribos brood production during the peak of
Douglas-fir beetle activity to determine maxi-
mum attack density, optimiun brood produc-
tion, and beetle emergence (per unit area and
per female) at peak production levels. Results
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Table L Douglas-fir beetle densities and brood development over a three-year period of defoliation by western
spruce budworm. Values based on 90-cm^ sample.
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McMullen and Atkins (1961) suggested that
brood production and survival of the Douglas-
fir beetle are related to attack density. They
also found that egg gallery length and eggs per
unit gallery length may be influenced by at-
tack density, and there was an inverse rela-
tionship between average gallery length and
attack density. However, Schmitz and Rudin-
sky (1968) in similar studies did not find a
correlation between average gallery length
and attack density.
In our study there were 3.97 attacks per 90
cm^, population levels typical of an outbreak
(McMullen and Atkins 1961, Berryman 1974).
Our results make it possible to define a
Douglas-fir beetle outbreak based on attack
density. A low beetle population will have a
mean attack density of0-2 attacks per 90 cm
,
a moderate population (optimum for brood
production) will have 3-5 attacks per 90 cm
,
and a high beetle population will have more
than 5 attacks per 90 cm^. Studies also suggest
that heavily defoliated trees may not be the
most optimal host for beetle brood production
due to loss of nutrients (Wright et al. 1979).
Others have found that optimum bark beetle
survival occurs at medium attack densities
and that survival at high attack densities is
limited by intraspecific competition and host
availability/resistance (McMullen and Atkins
1961, Berryman and Pienaar 1973, Berryman
1974, Fumiss et al. 1979). In our study the
beetle population reached a peak and was sta-
ble at that level for the three years sampled.
Optimum attack density occurred at 3-5 at-
tacks per 90 cm^ in this study. Given the fact
that the beetle epidemic was in its fourth year
and that Douglas-fir beetle epidemics gener-
ally last from three to six years, the beetle
outbreak in Logan Canyon probably will not
be sustained much longer. Population levels
will most likely decrease markedly within
the next year as a result of a combination of
greater host resistance/lack of host material
and resultant intraspecific competition.
According to Wright et al. (1984), emer-
gence per female is more indicative of in-
traspecific competition, while emergence per
unit area generally indicates the degree of
host suitability. In the present study emerg-
ing beetles per female and per unit area have
peaked during the same period. These results
differ from those of Wright et al. (1984), who
found that Douglas-fir beetle emergence per
female was highest in years of Douglas-fir tus-
sock moth (Orgyia pseudotsugata McDun-
nough, Lepidoptera: Lymantriidae) defolia-
tion, while emergence per unit area peaked
three years after defoliation ceased.
In the study by Wright et al. (1984) the
beetles generally attacked trees that were de-
foliated 90% or greater by the tussock moth.
Heavy defoliation lasted only one year, with
many trees recovering within two years after
defoliation ceased. They also found that
beetle attacks were less strongly associated
with defoliation intensity in later years. In the
present study defoliation intensity by the
budworm was classified as light to moderate
(Anhold and Holland 1983) over a period of
two to three years. Thus, the type and amount
of defoliation can be a major factor in beetle
brood production. Wright et al. (1984) sug-
gested that heavily defoliated trees may not
be optimal for beetle brood production due to
loss of nutrients.
Furniss (1962) divided the infested portion
of standing trees into three zones. The basal
zone extends 2.7-4.6 m from the base of the
tree. The middle zone, which has the greatest
survival potential for beetles, extends to
within 1.0-3.0 m of the uppermost infesta-
tion. The top zone is above this, but successfiil
attacks are rare in this zone. The uppermost
area of infestation in this study did not exceed
a height of 12.2 m.
Sampling in the basal zone involved use ofa
standard 90-cm" bark punch. Population sam-
pling by this method avoids the need to fell or
climb trees and provides a (juick method of
evaluating a beetle outbreak.
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